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SECTION 1. INTRODUCTION 


1.1 SCOPE 

This report presents the results of an investigation of the telecommuni- 
cations availability that can realistically be provided by the Tracking 
and Data Relay Satellite System (TDRSS) for Landsat D type missions. 
Although the assessment focusses on the telecommunications requirements of 
the near Earth orbit missions of the 1985 - 1989 time frame, it emphasizes 
Landsat D and its competing demand for wideband, real-time RF link services 
from TDRSS. Limitations in availability of communications services are 

Identified, including systematic TDRSS restrictions, conflicting 

telecommunication requirements and loading problems of all users 
(missions) which are to be supported by TDRSS. Also, several 

telecommunications alternatives for Landsat D utilization independent of 
TDRSS services are discussed. 

1.2 BACKGROUND 

1.2.1 THE TDRSS CONCEPT 

NASA's teleconmunications needs in the 1980' s are being supported by the 
Tracking and Data Relay Satellite System (TDRSS) which will consist of two 
geostationary relay satellites 130 degrees apart in longitude (Figure 1-1) 
and a ground station located at White Sands, N.M. (Figure 1-2). In its 
final configuration the system will also include two spare satellites, one 
parked in orbit and one posed for a rapid replacement- launch . This system 
will provide communications and tracking services between low Earth orbit- 
ing user spacecraft (i.e., Landsat, Shuttle) and telecommunications 
control and/or data processing facilities on the ground. TDRSS has been 
designed around a real-time, bent-pipe concept enabling the operation of a 

wide variety of telecommunications services. This system provides no 

« 

processing of user data. However, the system will be capable of trans- 
mitting data to, receiving data from, or tracking user spacecraft over a 
large percentage of the user orbit. 
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Figure 1 - 2 . TDRSS/User Configuration 


1.2.2 TDRSS SERVICES 


TDRSS wi 1 1 provi-de ’-eommuntcatibns -and Tracking (C&T) services to approved 
users. Forward link services from the ground station to the user space- 
craft include tracking and command data channels at S-band and K-band 
frequencies. Return link services from the user spacecraft to the ground 
station include a tracking channel and telemetry data channels accomo- 
dating a wide range of data rates. These return link services are avail- 
able at S-band and K-band frequencies. S-band forward and return link 
services are provided via Single Access (SA) and Multiple Access (MA) 
service. SA service uses steerable parabolic antennae on the individual 
Tracking and Data Relay Satellite (TORS), while the MA Service utilizes an 
array antenna with ground-implementedphasing. K-band forward and return 
link services are available for SA only. 

1.2.3 TDRSS AND STDN 

Communications with and tracking of user spacecraft are currently per- 
formed by the Spaceflight Tracking and Data Network (STDN) . It consists of 

a .network pf__ worldwide ground-based tracking stations and ..supporting 

elements which perform network control, monitoring, fault isolation, data 
transfer, compatabi lity testing and simulation. The TDRSS C&T Network 
(Figure 1-3), when it becomes operational in late 1982, will provide C&T 
services for all NASA low-Earth orbiting missions. 

1.2.4 LANDSAT D 

As one of the first users of TDRSS, the LANDSAT D project has been planned 
with a real-time C&T system in mind. Thus the spacecraft is provided with 
standard narrow-band tape recorders for storing and receiving engineering 
data, but no onboard image recording capability is provided. The Landsat 
project expects to use TDRSS support fully as soon as it is available. 
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Figure 1-3 i TDRSS C&T Network 










For preliminary planning purposes, the TDRSS loading for a single Landsat D 
spacecraft has been estimated to be as follows: 

MA Service: One return link contact per orbit of 20 minutes dura- 

tion for real time telemetry and ranging data. 

One forward link contact every third orbit of approxi- 
mately 15 minutes duration for command and ranging. 

SSA Service: Approximately 17 contacts per day averaging 15 minutes 

each for readout of several spacecraft telemetry chan- 
nels (these contacts are not coincident with MA 
support) . 

KSA Service: Approximately two contacts per orbit averaging 7 

minutes in duration. These KSA contacts are coincident 
with either MA or SSA support periods for imagery, MSS 
and/or TM. 

1.3 INVESTIGATION GROUND RULES 

This investigation was focussed on the communications and tracking service 
requirements of near Earth orbit missions in the 1985-1989 time frame. Of 
these missions only Shuttle missions and the Landsat D and O' could be 
identified as having simultaneous demands for wide-band link services from 
TDRSS. In order to understand the potential impact of these demands, these 
missions have been subjected to a detailed real-time communications 
requirements analysis for those services 'that will be avai lable throughout 
the Landsat missions. Competing and/or conflicting requirements for TDRSS 
service by the Landsat D mission have been identified and their impact on 
Multi spectral Scanner (MSS) and Thematic Mapper (TM) image availability 
are discussed. The configuration of the two TDRS relays in orbit and the 
location of the TDRSS ground station at White Sands, N.M. are providing 
fixed zones of visibility and a zone of exclusion (ZOE) . The orbital 
instantaneous position of user satellites indicates which TDRS could 
provide an RF link to the ground station. Thus the prerequisites for TDRSS 
availability depend on (1) user satellite visibility to one and/or two or 
none of the two TDRS'S, (2) the examiniation of service priorities and 
clarification of competing multiple satellites (Landsat and others for the 
same TDRS), (3) the resolution of detailed data transmission schedules 
(timing and data acquisition periods) inclusive of link acquisition time. 
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1 .4 APPROACH TO THE INVESTIGATION 


This investigation was undertaken in four phases. In the first phase the 
Landsat 0 and O' telecommunications requirements have been determined by 
analysis of an orbital flight model which replicated the characteristics 
of Landsat D and O'. Based on these orbital characteristics, the ground 
track coverage and timing for possible MSS and TM real-time data communica- 
tions to the ground were calculated. Possible TDRSS loading was determined 
by calculation of the times at which Landsat is' over a landmass during 
descending (daylight) orbits and over non-polar regions (i.e., +80° 
latitude). Night time data acquisition by the TM thermal IR band was not 
included in this analysis. Based on the findings of phase I the Landsat D 
loading requirements of each TORS were determined. 

In Phase II the telecommunication requirements of non-Landsat TDRSS users 
were determined. In addition to the Landsat demands (requirements) for 
telecommunications links, other TDRSS users have similar requirements of 
their own. By appropriate computer-based modelling of the orbital charac- 
teristics of the Shuttle flights, the user requirements for telecommunica- 
tions services as a function of time and required kinds of services were 
determined. Thus a TDRSS wide-band link demand schedule can be prepared 
for the Resource Observation missions planned for the 1985-1989 period. 

In Phase III the results of the analysis carried out in phases I and II 
were overlaid on the same time base. Since the Shuttle missions are 
considered as manned space missions, they have by definition, telecom- 
munications priority for all available TDRSS services including wide band 
services. Thus correlation of the telecommunications link demands as had 
been defined in Phases I and II have provided a profile of possible (worst 
case) contested link services. Systematic TDRSS restrictions of link 
services, such as those caused by the zone of exclusion when neither of the 
two TDRS's can be accessed by the user spacecraft, have been identified. 

In Phase IV, telecormiuni cations alternatives for mission utilization 
independent of TDRSS services has been discussed. Thus this task has 
identified work arounds which would allow the acquiring of Landsat data 
when a higher priority mission preempts TDRSS and/or systemmatic 
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restrictions preclude TDRSS services. The relationship of state-of-the- 
art technology and timely availability to Landsat users was factored into 
the considerations of the alternatives which are discussed. The effect of 
the planned phase-down and consolidation of the Ground Spacecraft Tracking 
and Data Network (GSTDN) and the Deep Space Network (DSN) on telecommuni- 
cations alternatives has also been considered in some detail. 



SECTION 2. LANDSAT D and D' TELECOMMUNICATION REQUIREMENTS 


As a first cut at determining the Landsat D and O' telecommunications 
requirements, the operating practices for Landsat 1, 2, and 3 were examined 
with a view toward determining their applicability to Landsat D and O'. 
Such an examination had been made in the preparation of the Support Instru- 
mentation Requirements Document (SIRD). The level of detail available, 
however, made it impracticable to use these data for detailed identifica- 
tion of conditions under which two missions (e.g., a Landsat 0-type mission 
and the Space Shuttle) could be competing for TDRSS support. There is a 
major difference in the orbits of Landsat D and D' as compared to the 
earlier missions which also makes it impracticable to use Landsat 1, 2, and 
3 data for the present study. The image location for Landsat 1, 2, and 3 
are specified in terms of a "Worldwide Reference System" (WRS) which makes 
use of the 14-day repeat cycle of these spacecraft illustrated in Figure 
2-1. The repeat cycle for Landsat D and D' is sixteen days. A WRS for 
Landsat D and D' was not available when the investigation was started; OAO 
_fpund_iJ_necessAry_J:jo_ge.h.er_ate...these ^data J.n-house.. 

2.1 LANDSAT ORBITAL DIFFERENCES 

The differing characteristics of the orbits planned for Landsat D and D' as 
compared to Landsat 1, 2, and 3 are shown in Table 2-1. The lower altitude 
of Landsat D, and its shorter period lead to full earth coverage in 233 
orbital revolutions over a repetition period of 16 days, as compared to 251 
revolutions and 14 days for Landsat 1, 2, and 3. There are differences, 
too, in the way in which the orbital swaths are laid down from day to day. 
For Landsat 1, 2, and 3, as shown in Figure 2-2, successive orbits on a 
given day are separated by 2872 km at the equator. On the following day 
the orbital progression is shifted westward by 159 km (as measured at the 
equator), a shift which provides 14% sidelap (at the equator) with adjacent 
imagery such as is obtained by the MSS with its 185 km scan (Figure 2-3). 
The image size for Landsat D' is the same as for the earlier 3 Landsats. 
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Figure 2-1. Typical One Day Geographic Coverage for Landsat 1, 2 and 3 



Table 2-1. Orbital Characteristics of Landsat 1 
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Figure 2-2. Landsats 1, 2, and 3 Successive Ground Coverage 
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Figure 2-3. Landsats 1, 2, and 13 Consecutive Day Ground Coverage Pattern 



For Landsat D, successive orbits are separated by 2752 km at the equator 
(see Figure 2-4) while on the' next day the pattern is shifted westward by 
1204 'km/ as' slip Wn in Figure "2^'5. Adjacent 'imagery i s achieved on the 8th 
day, when "adjacent" path centers are separated by 172 km at the equator. 
The Landsat D swathing pattern is illustrated in more detail in Figure 2-6, 
which illustrates the orbital progression from Day 1 through Day 16, during 
which time the entire earth can be seen by the Landsat D imagers. During 
the full 16-day period, adjacent orbital paths occur in the progression 
shown in Table 2-2. Assuming that a World Reference System like that for 
Landsat 1, 2, and 3 is established for Landsat D and that there are 233 
paths numbered westward around the earth from 1 to 233, then if on a given 
day paths 106, 122 — 97 are covered, on the next day paths 97, 113, — 
104 will be covered, and so on as shown through the full 16-day cycle. 

2.2 DETERMINATION OF DETAILED TELECOMMUNICATIONS REQUIREMENTS 

Landsat D will require a communications link to transmit the scientific 
data observed with the multi spectraV scanner (MSS) or thematic mapper 
(TM) . To know when these links will be required, from day to day and for 
how long, demands a knowledge yf~L^nds at ^ observTng schedule, which until 
launch can only be estimated using the following assumptions. 

First, Landsat will observe only in the non-polar regions. Observations of 
the oceans and the ice caps are not germane to Landsat 's scientific 
objectives . 

Second, due to the spectral bands observed with Landsat instruments, 
observations will be taken primarily in daylight, i.e., during the de- 
scending half of the planned orbit. 

A third assumption made in this exercise is that Landsat D, not having data 
storage capability, will transmit its data as it observes, i.e., in real- 
time. 
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Figure 2-4. Landsat D Typical Successive Daily Ground Tracks 
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Figure 2-5. Landsat D Ground Coverage Swathing Pattern 
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Table 2-2. Landsat D Orbit/Path Sequence 
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2.2.1 GROUND TRACK DETERMINATION 


Following the assumptions that Landsat will observe only land areas, the 
satellite's ground track must be determined in sufficient detail to in- 
dicate when and for how long, the instruments (which observe satellite 
nadir), will have land in sight. The ground track is determined by a 
computer program which calculates for time (t) the satellite's orbital 
position referenced to the earth's latitude-longitude system assuming a 
circular Keplerian orbit around a spherical earth. 

The program assumes a rotating vector of constant (unit) length (i.e., a 
circular orbit) transformed through the matrix for the earth's coordinate 
system. The circular orbit is assumed subject to no perturbations (e.g., 
atmospheric drag and gravity anomalies) since the maintenance of the 
satellite in its nominal orbit will minimize perturbation effects. The 
program requires the following input: the orbital characteristics of 
altitude, inclination, and period; initial time; initial position in lati- 
tude and longitude, and earth rotation rate relative to the (precessing) 
orbit plane. 

For this exercise, initial time, latitude, and longitude were all assumed 
zero; and the orbital characteristics of Landsat D as shown in Table 2-1 
were used . 

The program was created in BASIC to run on the Commodore personal mini- 
computer. It was later translated to FORTRAN for the VAX/VMS. The deriva- 
tion of the program, and its listings, are included as Appendices A, B, and 

C. 


2.2.2 POSTULATED LANDSAT D OBSERVATION SCHEDULE 

The program result is a printout of satellite position, in latitude and 
logitude, as a function of time. These data were plotted on a global 
Mercator map for the entire 233-orbit Uandsat cycle to generate a 
postulated Landsat D ground track. Time was noted on the ground track by 
marking 2-minute intervals. 

This exercise allowed determination of a postulated Landsat observation 
schedule, from which the detailed telecommunication requirements may be 
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derived. The observation schedule is a 23,040-minute (16 days) timeline, 
on which are marked the intervals when the ground track encounters and 
passes over a land mass. The observation interval was assumed to begin at 
the nearest minute before the ground track actually encounters land and to 
continue unitl the nearest minute when the ground track is no longer over 
land. All land masses between +80° latitude were considered as observation 
targets, including large and small islands and peninsulas as well as 
continents. Bodies of water which took less than one minute to cross were 
ignored; consequently objects such as rivers and even large lakes are 
included in the Landsat observation schedule. 

Since the orbit program calculated only a possible Landsat cycle, the 
details of the observation schedule, such as observing Australia on the 

I 

first day of the cycle, are unlikely to hold true after launch. However, 
the length and number of the observation intervals are unlikely to change; 
that is, Australia will still be observed a certain number of times, and 
each time the observation interval will be 5 or 6 minutes long. Therefore 
the observation intervals for one complete coverage cycle (16 days) were 
grouped by length and summarized in a frequency distribution plot 
(histogram). 

The frequency distribution plot in Figure 2-7 is the result. The observa- 
tion intervals represent time spent observing targets as described in the 
preceding paragraph. There are 476 intervals per coverage cycle, ranging 
from less than one minute to 30 minutes, and totaling 3270 minutes for each 
16 days 

From this plot can be determined the typical characteristics of the real 
Landsat observation schedule, no longer restricted to the postulated 
schedule of the computer run. For example, Landsat could observe and relay 
a total of 3270 minutes of data every 16 days. It will not observe all 3270 
at once, but in intervals averaging 7 minutes in length, although it will 
more commonly observe for shorter intervals. Of these shorter intervals, 
145 or 30 percent are 2 minutes or less, illustrating the profusion of 
islands, peninsulas, and isthmuses on the world map. 
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Figure 2-7. Frequency Distribution of Landsat D Observation 
Intervals During One 16-Day Cycle 
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The only characteristics not apparent in Figure 2-7 are those relating to 
orbits. These are listed in Table 2-3 which shows that, on the average, 
l.andsat will observe twice during one orbit Tor 7 minutes each time (14 
minutes total). The minimum observation in one orbit is zero (no encounter 
of land masses); the maximum is 30 minutes. The minimum number of 
observation intervals per orbit is zero and the maximum is five. 

A final characteristic of the Landsat D observation schedule is again not 
apparent in Figure 2-7, but must be generalized from the entire postulated 
schedule of the complete coverage cycle. That generalization is this: 
Landsat observation is concentrated in 30-minute intervals of activity, 
followed by 70 minutes of no activity. This characteristic is a function 
of the po-lar orbit and the requirement to observe only daylit, non-polar 
land areas. 

2.3 POSSIBLE LINK AVAILABILITY OF TDRSS 

For the purpose of the Landsat mission, with its 85 megabit science data 
rate, the TDRSS may be considered to consist of two geosynchronous satel- 
... lites, TDRS-E and TDRS-W, each with two single access (KSA) wideband- links. 
Nominally, the relay satellites will be placed at altitudes of 35,800 km 
near the earth's equatorial plane, one at 171° W longitude (TDRS-W) and one 
at 41°W longitude (TDRS-E) . 

The primary condition for a satellite's link availability with TDRSS is 
visibility, which is a simple plane geometry problem with the Earth in- 
troducing an obscuration where the only variable is the altitude of the 
user spacecraft. Figure 2-8 is a graphic representation of the problem. 

For TDRS-E at 41°W, its view of Landsat D is obscured by the earth when 
Landsat is viewing a region approximately 73° in radius centered on the 
equator opposite the TDRS-E subsatellite point, i.e. 139°E. TDRS-W has a 
similar shadow zone, centered on the equator at longitude 9°E . These two 
shadow zones overlap, forming a zone of no coverage, called the Zone of 
Exclusion (ZOE) . The two shadow zones and the ZOE are plotted on a global 
map in Figure 2-9. When a Landsat D satellite is over the convex lens- 
shaped area centered on longitude 74°E, neither member of the TDRSS pair 
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Table 2-3. Observation Opportunities for Landsat D 
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can acquire data from the satellite, a limitation which reduces coverage of 
India, Sri Lanka, and other areas within a latitude band from 47.5°N to 
47.5°S. Figure 2-9, which includes one orbit of the Landsat D ground track 
illustrates the conclusions discussed in the sections that follow. 

2.3.1 LINK AVAILABILITY FOR ONE LANDSAT 

At Landsat's altitude the TDRSS (two satellites) ZOE is a slit over lati- 
tudes 0 + 47.5° and longitudes (at its widest point) 66.1°E to 81.9°E. 
Consequently, if Landsat remains without onboard storage capability and 
dependent on TDRSS alone for data transmission, there will never be any 
data retrieved for Sri Lanka and part of India. Of the possible 3270 
minutes of science data intone Landsat cycle, 50 minutes or 1.5% cannot be 
retrieved due to the ZOE. Alternatives to overcome this limitation are 
discussed in Section 5. 

In contrast to the ZOE, there is a large area where Landsat will be visible 
to both TDRSS satellites. This condition occurs when Landsat is over the 
North American continent, including Greenland and most of Alaska, as well 
as the.. western„ half. _ on „ . South America. Whenever Landsat is over these 
areas, it will have a choice of which TDRS to use. 

During any one observation period, at least one TDRS is available (con- 
sidering only geometry) to Landsat throughout the observation. In no case 
does geometrical availability require a switch from one TDRS to the other 
during an observation. 

In conclusion, the Landsat satellite theoretical ly could establish a data 
relay link with either one or the other TDRSS 98.5% of the time the data 
observations require it. With only one TDRS available, Landsat has access 
to a data relay link 59% of the time. Finally, Landsat will not need to 
change data links in the middle of an observation, although a switch will 
be required when crossing the ZOE. 

2.3.2 LINK AVAILABILITY FOR TWO LANDSATS 

The Landsat mission may, at some time, include two satellites in identical 
orbits. Section 2.3.1 described the basic situation of a single Landsat 
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utilizing single access wideband TDRSS (KSA) services. Depending on the 
relative in-orbit spacing of the two Landsat satellites, this basic TDRSS 
availability may be available to both or be reduced because of inter- 
ference. To illustrate the possibilities, two combinations of satellites 
were considered. The satellites are designated D and D' for convenience, 
although it is recognized that simultaneous operation of the initial 
members of the series is not presently planned. 

Both combinations assume the satellites to be in identical, circular 
orbits with 9:45 a.m. descending nodes. These configurations are illus- 
trated in Figure 2-10. 

.In the first combination, (configuration A, Figure 2-10) D' is seven days 
ahead of D in the 16-day repeat cycle, so the D' follows orbit path N+1 
while D follows orbit path N. This provides global coverage in 8 days, 
while essentially giving observations 314 km wide, since the two observa- 
tions will be temporally as well as spatially close. 

In this combination, D' crosses the equator 1.5° west of D and is nominally 

__6...18 mi.nute.s b.ehi.nd D,. However., this _ combination-.requires several - 

instances of dual KSA coverage by TDRSS, since both satellites will be in 
view of the same TDRS, as well as observing simultaneously because of the 
proximity of their observation targets. For example, during a typical day 
of operation, D and D' together would transmit 450 minutes of data. Of 
that time, 120 minutes v/ould require simultaneous KSA services. Of that 
120, only 37 would occur while both TDRS are in sight of at least one 
Landsat. In other words, during a typical day of combined Landsat D and D' 
operation, 18% of their data might be lost, compared to the nominal loss of 
1.5% (Section 2.3.1) if only one KSA link from each TDRS is available. As 
indicated above, if the two KSA links of each TDRS are available only the 
nominal loss of 1.5% due to the ZOE will accrue. 

In the second combination, (configuration B) D' is eight days ahead of D in 
the repeat cycle, so the D' follows orbit path N+8, while D follows N. 
(Consecutive orbits follow path N+16.) Global coverage is complete in 8 
days and because O' is nominally 49.44 minutes behind D, no instances of 
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Figure 2-10. Landsat D and O' Configurations A and B. 

(Configuration A, D' is 7 days ahead of D; 
Configuration B, D' is 8 days ahead of D) 
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dual communications requirements arise. (This will remain true only as 
long as no or few night observations are taken.) 

2.4 TDRSS LOADING REQUIREMENTS 

The schedule of Landsat D observing opportunities developed as described 
in Section 2.2 provides a basis for a probable scenario for a Landsat 
transmission schedule. During the 16-day cycle 3270 opportunities were 
identified for observing land masses. They range in duration from less 
than h minute to 30 minutes. In translating the schedule of observing 
opportunities to a schedule of transmission requirements, the following 
assumptions were made: 

1. Landsat will require the full transmission time possible. 

2. Observing, and thus transmission, will not be interrupted for 
brief over-water intervals between more extensive land masses. 

Under real operating conditions, the operating schedule may be reduced by 
various factors such as cloud forecasts, and data processing limitations, 
hence assumption 1 represents a maximum loading on TDRSS. Assumption 2 
also recognizes that one and two minute gaps are too short for TDRSS to 
acquire a second user, service it, and re-acquire Landsat. For example, as 
the Landsat ground track crosses from Europe to Africa, for one minute it 
traverses the Mediterranean Sea. Where the observational schedule derived 
as in Section 2.2 shows two separate intervals, the transmission schedule 
shows one larger interval. The data are based on the 16-day set of maps 
described in Section 2.2, coupled with calculation of which TORS (East, 
West, or both) was visible for each interval. Two methods were used; one 
employed a global map with the shadow zones marked (as in Figure 2-9), the 
other used the computer program (Appendices A, B and C) which in addition 
to calculating Landsat's position also determines TDRSS visibility for 
each point. 

2.4.1 TRANSMISSION INTERVALS 

An example of the analysis of one of the 16 days studied is shown in 
graphical form in Figure 2-11. During this period 21 separate transmission 
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Figure 2-12. Histograms illustrating frequency of data transmission 
requirements during 1 cycle as a function of interval 
length of transmission for (a) TDRS-E; (b) TDRS-W; 

(c) TDRS-E and TDRS-W; (d) TDRSS 


intervals occur. The analysis included a determination of whether the 
transmission requirement was on TDRS-E only, or TDRS-W only. Also identi- 
fied were cases in which transmission could be to either the E or the W 
relay and the number and duration of intervals which could be met by the 
full TORS (2-satellite) system. The results of the analysis are given as 
freqency distributions in Table 2-4, and in histogram form in Figure 2-12. 
Transmission to TKIS-E only will be required for 1360 minutes, to TDRS-W 
only for 1104 minutes; for a total of 898 minutes transmission can be to 
either TE^IS, giving a grand total of 3362 minutes distributed over 16 days, 
for an average of 210 minutes/day, or 14.4 minutes per orbit. 

For the total system, the analysis shows that the 476 observation intervals 
covering a total of 3280 minutes of the 16-day cycle have been reduced to 
386 TDRSS transmission intervals requiring a total of 3362 minutes or 14.6 
percent of the 23040 minutes in the 16-day repeat cycle. The average 
length of the 386 transmissions is 8.7 minutes, but 26 of them would be 
over 20 minutes, as compared to 16 observation intervals which exceed 20 
mi nutes. 

2.4.2 TORS -EAST 

From Table 2-4 and from comparison of the four histograms of Figure 2-12 it 
can be seen that, on the basis of transmission time, Landsat will rely more 
heavily on TDRS-E than on TDRS-W. A total of 1360 minutes, or 40% of 
Landsat' s data can be transmitted only through TDRS-E, compared with 33% 
for TDRS-W alone and 27% for either. If the 27% is divided equally between 
the two, TDRS-E will transmit 54% of Landsat' s data. 

The global map in Figure 2-9 clearly shows why the two TDRS's are unequally 
loaded. In the TDRS-E coverage zone are mostly large land masses, 
particular Europe and Africa, as well as the Americas and a large area of 
Western Asia and the Middle East. In contrast TDRS-W covers the Pacific 
Ocean where Landsat is not scheduled to take much data. 

The multi-modal frequency distribution on the TDRS-E histogram (Figure 
2-12a) reflects the three large land masses of the East-only coverage 
zone: South America, Europe/Africa, Western Asia and the Middle East. 
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Europe and Africa are noted as one large land mass, contrary to the 
customary Eurasia, because Landsat's north-south ground track covers 
Europe and Africa, rat-her -than Europe and Asia in one orbit path. The 24- 
minute and longer transmission intervals are due solely to the Europe/ 
Africa observations. 

The peak at the one- and two-minute length transmission intervals is a 
persistent feature in all four charts of Figure 2-12 because of islands and 
peninsular land areas. 

2.4.3 TDRS-WEST 

As noted above, Landsat D will require TDRS-W less often than TDRS-E be- 
•cause the West coverage zone includes the Pacific ocean. As a corollary, 
the one- and two-minute peak of Figure 2-12b is particularly strong because 
of the abundance of islands rather than continents, in the West coverage 
zone. These include Hawaii, the South Sea Islands, New Zealand, Indonesia, 
the Phillippines, the Southeast Asian Archipelago and Japan. Continents 
included in the West coverage are Australia and the eastern portion of 
Asia. 

2.4.4 DOUBLE TORS COVERAGE 

When Landsat D is near the poles. North and Central America, or parts of 
South America, it will be visible to either TDRS. The peaks in the double 
coverage histogram relate to cross-continental coverage (about 15 minutes) 
and peninsular, or otherwise projecting continental areas such as Alaska 
and northern South America (about 4 minutes). 

2. '4. 5 TOTAL SYSTEM (TDRSS) REQUIREMENTS . 

In combining the requirements of the three types of coverage zones, TDRSS 
will be needed by Landsat D for science data transmission for an average of 
210 minutes per day, or almost 15% of the capability of one of the four 
links. However, Landsat does not remain continuously in view of one TDRS, 
but for four or five orbits is in the West coverage zone, then in the East 
zone, etc. Consequently, the 15% requirement may be divided between the 
two TDRS's; Landsat will require TDRS-E 7.8% of its time, and TDRS-W 6.7%. 
In other words, of the 1440 minutes of every day that TDRS-E can relay 
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data, 113 minutes will be scheduled for Landsat, on the average. Likewise, 
TDRS-W will be scheduled for Landsat for an average total per day of 97 
minutes. These results are illustrated in the pie chart of Figure 2-13. 

Of the 233 orbits of one cycle period, three will require no TDRSS wide- 
band transmission support. Each of the remaining 230 could require some 
transmission, but this support will be needed only during the daylit 
portion of the orbit. In some instances, it will be needed for as much as 
30 minutes; in other orbits it will be needed for up to 5 intervals 
distributed, (as illustrated in Figure 2-11) throughout the daylit orbit. 
These periods of transmission activity are separated by longer intervals 
of at least 69 minutes when TDRSS support is not required. 

If two Landsats are in orbit in a non-i riterference configuration, the 
percentage of required TDRSS time doubles to 15% of TDRS-E and 14% of TDRS- 
W. Thirty-minute active intervals for each satellite will be interspersed 
with 19 minutes of no Landsat activity. Of course, as mentioned above, 
those thirty minutes intervals are very seldom blocked completely to any 
other user, since each Landsat on the average requires only 15 minutes of 
each _ active _ interval. Half-day timelines illustrating these 
active/ inactive intervals of Landsat transmission are included as Figure 
2-14. 


f 
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Figure 2-13. Landsat D Loading Requirements on TDRSS 
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SECTION 3. TELECOMMUNICATIONS REQUIREMENTS OF NON-LANDSAT USERS 


Because the TDRSS will serve the telecommunications and tracking require- 
ments of all NASA spacecraft, Landsat may reasonably expect pre-emption of 
link availability, and consequent loss of data, by other spacecraft. To 
determine how much of data loss might be expected, the telecommunications 
requirements of other missions, primarily resource observation missions, 
were examined; their potential impact on Landsat data retrieval is 
examined in Section 4. 

Except for the Space Transportation System (Shuttle), no other mission of 
the 1985-1989 time frame had requirements of such a nature as to produce a 
more than negligible impact on Landsat D. In particular, a KSA link (wide- 
band service) was not required by any mission, other than Shuttle. Even 
the Space Telescope has a requirement only for narrow-band SSA link 
services at 1.024 Mbps. Thus only Shuttle gives Landsat any competition 
for the wideband link. Consequently the telecommunications requirements 
of the Shuttle missions were examined in some detail. 

Using the NASA list of scheduled Shuttle launches, eleven types of Shuttle 
orbits were identified. They are listed in Table 3-1 grouped by inclina- 
tion, orbital altitude and flight duration. Because of the similarity in 
these orbits only three were chosen for analysis (Table 3-1). Of these, 
two have the same altitude, but different inclinations, while two have the 
same inclination, but different altitudes. 

The labels of "Standard", "Spacelab", and "Space Telescope" were assigned 
for convenience, and merely reflect the type of missions most likely to use 
the orbits. 

3.1 DETERMINATION OF TELECOMMUNICATIONS REQUIREMENTS 

The Shuttle will use TDRSS to maintain complete and continual communica- 
tions between its crew and Shuttle's Mission Control. The problem of 
determining the telecommunications requirements is again one of simple 
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Table 3-1. Representative List of Typical Shuttle Orbits 













geometric visibility: whenever TDRSS can see the Shuttle, one wideband 

data relay link (KSA) is required. 

The geometric visibilty of Shuttle to TDRSS was determined as a function of 
time and Shuttle's position in its orbit. The same computer program as 
used for Landsat was employed here, with the appropriate changes in input 
data (spacecraft altitude, inclination, and period). 

The results of the program confirmed the graph in Figure 3-1 and prompted 
the following comments on Shuttle/TDRSS link availability: 

• The amount of geometric coverage (availability) is a function of 
Shuttle orbital altitude and inclination. 

e At low altitudes and low orbital inclinations. Shuttle passes 
horizontally through the geometric ZOE -at its widest points and 
on every orbit, receiving the least coverage. 

• At high orbital inclinations. Shuttle passes through the 
geometric ZOE only periodically but follows the length, rather 
than the width, of the slit-shaped ZOE. Therefor‘e7"~each passage 
will be for a longer length of time, but total coverage is greater 
than at lower inclinations. 

3.2 LOADING REQUIREMENTS OF THE SHUTTLE MISSION 

The loading requirements, of the three representative Shuttle missions are 
tabulated in Table 3-2, since for Shuttle, link availability is tant- 
amount to load requirement. Although, for some Shuttle attitudes, its 
Ku-band antenna is obscured and TDRSS communication interrupted, this 
factor was ignored in preparing Table 3-2, since Shuttle attitudes cannot 
be specifed at the present time. 
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Figure 3-1. Average Geometric Coverage Versus User Altitude, 

i Various Inclinations 


TABLE 3-2. STS/TDRSS LINK AVAILABILITY 





































SECTION 4. COMPOSITE LANOSAT AND OTHER RESOURCE OBSERVATION SPACECRAFT 
TELECOMMUNICATION REQUIREMENTS FOR TDRSS SERVICE 


The impact of other spacecraft on Landsat D data retrieval can be deter- 
mined from a composite schedule of requirements for TDRSS service. A 
composite schedule which combines on the same timeline the estimated tele- 
communications requirments schedule for each spacecraft provides a 
probable scenario of how the Landsat link availability may be affected by 
other demands for TDRSS services. 

Several resource observation missions were examined for possible inclusion 
in the composite schedule but, as noted in Section 3, only the Space Trans- 
portation System (Shuttle) competes significantly with Landsat D for the 
KSA links. Therefore, only the loading requirements of Landsat and Shuttle 
were determined and used in the preparation of the composite schedule. 

4.1 CORRELATION OF LANDSAT-SHUTTLE TELECOMMUNICATION LINK DEMANDS 


Correlation of the two loading schedules was accomplished by overlaying 
the schedules on their i/idependent variable, time. Because the initial 
conditions of these two schedules were unknown and difficult to estimate 
and moreover, because a real temporal relationship between the two is 
impossible to guess prior to actual launch, arbitrary conditions were 
chosen and the two schedules related in a series of equally arbitrary 
combinations. The resulting correlation of link demands is actually a 
series of samples 24 hours long. Durations of time intervals where simul- 
taneous demands could possibly exist were determined and summed to give the 
amount of time Landsat and Shuttle both require KSA links from the same 
TORS spacecraft. These values were averaged to give the correlation 
results: estimates of conflicting link demands, i.e., estimates of 
Landsat's possible data loss. 

Additional results of the correlation are geographical. Besides data loss 
estimates, the analysis provided knowledge of which geographical areas are 
most and least likely to be affected by link priority demands. 
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The results of the correlation analysis are described in detail in Section 
4.2. A more complete description of the study's methodology, including the 
assumptions made, is continued in this section. 

4.1.1 ASSUMPTIONS 

The correlation analysis was based on the following set of assumptions: 

• Data loss estimates are based on worst case, i.e., that both 
Shuttle and Landsat will need the same link (KSA) . 

• Shuttle has priority on TDRSS over Landsat. 

• Shuttle will pre-empt only one KSA link at a time. 

• If both TORS are available to Shuttle, it may switch links to 
accommodate Landsat. 

• Landsat will transfer its link from one TDRS to the other during 
an observation (i.e., over a land mass). 

• Switching TDRSS from Shuttle to Landsat, and vice versa, takes 
approximately two minutes. 

4.1.2 SAMPLING METHODOLOGY 

The correlation of the Landsat and Shuttle link availability schedules was 
basically a simple geometric visibility comparison as a function of time, 
complicated only by the inclusion of the estimated Landsat observation 
schedule Appendix D. Because of the uncertain relationship between the two 
schedules, they were combined in various ways, as described below, each 
combination providing one sample of the correlation analysis. 

The baseline sample was made by giving the Landsat and Shuttle schedules 
identical initial conditions, for t^; <j> and 6 ( = latitude, 0 = longi- 
tude). Additional samples were made by varying the relationship between 
t^, which since 9 and 0 depend on t, consequently varied the relationship 
between all the initial conditions. These additional samples measured the 
sensitivity to the uncertainty between schedules. 

The baseline comparison consisted of three 1-day samples of the same 
temporal relationship, which was Tq = ^ ® =0 for both Landsat and 

Shuttle. The first sample consisted of the interval t = 0 to t = 24 hours. 



the second t = 72 to t = 96 hours, the third t = 120 to t = 144 hours, i .e., 
the first, fourth, and sixth (shuttle) days. The purpose of this was to 
determine the consistency of the interference between the missions during 
the typical Shuttle 'mission :^durati on of -S'eyen days. 

The additional samples varied t^ of the Shuttle as a function of time in 
the first Landsat orbit and day in the Landsat 16-day cycle. Also varied 
was 0Q , or the longitude of the beginning orbit. This sampling procedure 
provided up to 16 samples. 

An example of one of these samples is included as Figure 4-1. It is a 
timeline on which are noted Landsat observation intervals, Landsat's 
geometric visibility with TDRS-E and TDRS-W, and Shuttle's visibility with 
TDRSS. 

4.2 RESULTS OF CORRELATION ANALYSIS 

From each sample, such as Figure 4-1, are added for one day the total 
potential data acquisition time in minutes of Landsat data, the number of 
minutes when Landsat and Shuttle are visible to the same TORS and only that 
TORS, and the number of minutes of Landsat observation time with uncon- 
”tested--'l'fnk-avai labiiityT-'The“first 'item is' clearly the sum of the other" 
two. For each sample, the three sums were determined and used to calculate 
a percentage of possible Landsat data loss. The percentages varied without 
a clearly recognizable pattern, and so give only the maximum, minimum and 
average data loss that can be expected. 

The results for the three types of Shuttle orbits are listed in Table 4-1. 
Again, these are worst case results, when both Landsat and Shuttle have 
access to only one KSA link per TORS. With all four KSA links in opera- 
tion, Landsat may expect only a very small impact by the Shuttle on data 
retrieval. Data losses apply only for the duration of a Shuttle flight, 
and considered on an annual basis will be very small. 

The variation from day to day in the amount of pre-empted data transmission 
appears to be caused by the difference in the orbit characteristics, mainly 
in the orbital periods. They are completely independent (90.45 minutes for 
the standard Shuttle, 98.88 for Landsat) and cause the orbits never to 
remain close together in time and space for very long. 
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Table 4-1. Correlation Results 


SHUTTLE ORBIT 
TYPE 

Lands at D Communication Time 
Pre-anpted by Shuttle 

MAXIMUM 

(PERCENT) 

MINIMUM 

(PERCENT) 

AVERAGE 

(PERCENT) 

"STANDARD" 

41 

10 

28 

28.5°m ISOnmi 




"SPACELAB" 

43 

6 

28 

57°, 160nmi 




"SPACE TELESCOPE" 

48 

7.5 

31 

28.5°, 320nmi 
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In the 1985-1989 time frame the Shuttle will be up considerably less than 
half time (3 to 7 day mission duration with most missions only 3 days and a 
•maximum of 24 flights per year). Only during those times .-when the Shuttle 
is up will there be a potential of continuous pre-emption of one TDRSS 
link. 

The geographic areas subject to possible loss of data by pre-emption of the 
KSA link are those areas covered by only one TDRSS link. Consequently, it 
will always be possible to observe Alaska and the coterminous United States 
with Landsat via TDRSS. Observation of other large areas of interest, such 
as Europe, Africa, Australia, etc., could be cut as much as 40% or 50%. No 
area is ever completely blocked for a full seven-day Shuttle mission, even 
with only one KSA link per TDRS. 
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SECTION 5. TELECOMMUNICATIONS ALTERNATIVES FOR LANDSAT 
MISSIONS UTILIZATION OF TDRSS. 

5.1 LANDSAT TELECOMMUNICATIONS SYSTEM 

Before telecommunications alternative to Landsat D are considered, it is 
advantageous to review those facilities which will be available on board 
the spacecraft and on the ground during the 1985 time frame and beyond. 

The communications system of the Landsat D series between the spacecraft 
and the ground are being provided by RF link services to either one or 
various combinations of the Ground Spaceflight Tracking and Data Network 
(GSTDN), a Transportable Ground Station (TGS), foreign owned ground 
stations, or the TDRS ground terminal at White Sands, N.M. 

A wideband communications subsystem will provide the Landsat D spacecraft 
with the capabilities for transmitting Multi spectral Scanner (MSS) and 
Thematic Mapper (TM) instrument data to both TDRSS and other ground based 
users. When operating in the TDRSS mode, Landsat D utilizes the capability 
for acquiring and tracking TDRS forward link transmission at K-band 
frequencies . 

The flight segment of Landsat's telecommunications system supports, (1) RF 
links to transmit images of TM and MSS instruments to the ground by means 
of TDRSS, (2) telemetry channels for monitoring of vital flight segment 
functions and (3) cotmiand capabilities to control flight segment operation 
from the ground. The flight segment interfaces with the Data Management 
System (DMS) on the ground through: 

a. A Domsat link from White Sands, N.M. where the flight segment data 
are recorded and forwarded after being relayed by TDRSS from 
space to ground. 

b. A Transportable Ground Station (TGS) located at GSFC which 
receives instrument data (telemetry, TM and MSS images). 

c. The Ground Spacefli ght Tracking and Data Network (GSTDN) stations 
located at Goldstone and Alaska will play back recorded data 
through a DOMSAT link to GSFC. 
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the control side of the flight segment interfaces with the Operations 
Control Center (OCC) through the reception of telemetry and 
generation/transmission of commands by means of RF S-band transmissions 
through TDRSS and 'GSTDN. 

The Landsat flight segment is also equipped to transmit to foreign (non- 
NASA) users, who could receive direct RF transmissions at X-band of TM and 
MSS data, and at S-band for MSS only. 

The above information indicates that the Landsat telecommunication flight 
segment is configured to provide communication services with or without 
operational TDRSS. 

5.1.1 LANDSAT D DATA FLOW WITHOUT OPERATIONAL TDRSS 

Since Landsat D will be launched before TDRSS is operational, direct 
communications to the ground are provided in conformance with the tele- 
communications plan shown in Table 5-1, which assures the data flow 
illustrated in figure 5-1. In this configuration, the spacecraft uses a 
NASA standard transponder (5-watt option) for command, telemetry and 
ranging communications with GSTDN and for telemetry transmission to direct 
readout ground “stati‘ons“'through~Tn “omrfr antenna : The“ S-bancI' "down link 
frequency is 2287.5 MHz and the uplink (Earth to Landsat) frequency is 
2016.4 MHz. The GSTDN telemetry format consists of 8 kbps Bi0 (IRIG) real 
time telemetry, sometimes in combination with either STDN ranging or 32 
kbps telemetry. This downlink is also used for Bi0 (TRIG) computer dumps 
of payload corrective data (PCD) or 256 kbps Bi0 (IRIG) NBTR data. The 
GSTDN command data rate on the uplink is 2 kbps NRZ-M in addition to the 
ranging data at standard rates. 

Landsat D MSS data can be transmitted to direct readout ground stations 
(ULA, GDS, TGS, and foreign ground stations) at S-band (2265.5 MHz). Both 
MSS and TM sensor data can also be transmitted to the transportable ground 
station (TGS) and foreign (non-NASA) ground stations over an X-band link 
(8212.5 MHz) . 

The direct readout S-band equipment on the spacecraft consists of a 10 watt 
PCM/FM transmitter driving an Earth oriented shaped beam antenna for 
transmission of 15.0626 Mbps NRZ-L MSS sensor (image) data. The direct 
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Table 5-1. Landsat D Telecommunications Plan (Without Operational TDRSS) 
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Figure 5-1. Landsat Overall Data Flow (Without Operational TDRSS) 













readout X-band spacecraft equipment consists of a 42 watt unbalanced 
quadra-phase-shift-keyed (UQPSK) transmitter and an Earth-oriented shaped 
beam antenna for transmitting either 15.0626 Mbps NRZ-M MSS image 'data 
and/or 84.903 Mbps NRZ-M TM sensor data. A PN code is substituted for the 
TM data when only MSS data is transmitted. 

All command, telemetry and wideband data handling equipment is redundant 
except for antennas, and transponder transmitters. The transponder trans- 
mitters are redundant for non-simultaneous communications. 

5.1.2 LANDSAT 0 DATA FLOW WITH OPERATIONAL TDRSS 

The Landsat D communications plan (with operational TDRSS) is summarized 
in Table 5.2 and the data flow is illustrated in Figure 5-2. Landsat D 
uses the NASA standard TDRSS 5 watt option transponder for command, 
telemetry and ranging communications with the TDRS spacecraft. The 
Landsat D high-gain, mechanically steered antenna (Figure 5-3) is equipped 
with S-band and Ku-band feeds which communicate with the TDRS multiple 
access (MA) antenna for normal communications (125 cps command, 8 kbps real 
time telemetry) and TDRSS ranging. The 1.8 meter steerable SSA antenna for 
- high-rate communications (1.0 kbps, 8.0 kbps real-time, TDRSS ranging, and 
32.0 kbps computer dump or PCD data on 128 kbps MBTR data) will be part of 
the TDRSS services. The omni -antenna communicates with the TDRSS S-band 
single access (SSA) antenna for launch support and backup communications 
(125 bps command and 1.0 kbps real-time telemtry and TDRSS ranging). The 
1.0; 8.0; 32.0 and 128.0 Kbps telemetry signals are nonreturn to zero NRZ-M 
convolutionally encoded and transmitted by the TDRSS coded spread spectrum 
system. Simultaneous communications with TDRSS and GSTDN will be avail- 
able. TDRSS S-band forward and return link frequencies are the same as 
those used by the GSTDN uplink (2106.4 MHz) and downlink (2287.5 MHz). 

Landsat D MSS and TM sensor data can be transmitted at Ku-band via the TDRS 
single access (KSA) return link (15003.4 MHz). The spacecraft Ku-band 
equipment consists of a mechanically steerable 1.8. meter paraboloidal 
antenna, a 22 watt UQPSK Ku-band transmitter, and an autotrack receiver 
that operates on the 13.775 MHz TDRS forward link. Autotrack is the normal 
mode of antenna steering for Ku-band operation. Program tracking using 
instructions from an onboard computer, is used for acquisition and backup. 


5-5 



Table 5-2. Landsat D Telecommunications Plan (With TDRSS Operational) 
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Figure 5-2. Landsat 0 Overall Data Flow (With Operational TDRSS) 
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Figure 5-3. Landsat D Antenna Configurati 




For KSA/TDRS transmission a modulated S-band signal is applied to the Ku- 
band converter contained in the RF compartment. The upconverters, driven 
from references provided from the wideband module frequency generator, 
,upconvert the modulated S-band signal to the Ku-band. The output from the 
upconverter is amplified by means of a 20 watt TVfTA before being filtered 
by transmi t fi Iters . 

5.2 ASSUMPTIONS AND GROUND RULES 

Alternatives for Landsat 0 telecommunications when they not available from 
TDRSS are considered on the basis of the following assumptions and ground 
rules . 

5.2.1 GENERAL 

There are two fundamental mechanisms which might cause Landsat D not to 

/ 

obtain communications services from TDRSS: 

a. Satellite is in the Zone of Exclusion (ZOE) from where neither 
TDRS-E or TDRS-W can be seen {line of sight between user satellite 
and TORS is obscured by the Earth). These periods can exceed 20 
minutes . 

b. Satellite is in a "TORS is busy zone", where busy is a function of 
user priority. 

This indicated that in addition to the systematic ZOE user priority may 
pre-empt TDRSS services resulting in the non-availability of Landsat D 
transmission of image data (TM and MSS), telemetry, command and ranging 
data. 

5.2.2 PRIMARY FUNCTIONS OF THE LANDSAT FLIGHT SEGMENT 

The formation of images of the Earth in electronic form (data) generated by 
the TM and MSS instruments is fundamental to the Landsat D mission. 

Landsat provides RF links to transmit data sets which represent images (TM 
and MSS) both directly to the ground and by means of TDRSS. 
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In order to form and translate into the MSS and TM image format, instrument 
pointing (optical line of sight) data, altitude and data on stability 
control of the space platform must he provided. 

Landsat also generates data which represents an accounting of the vital 
flight segment functions. Data types, rates, formats, and RF links are 
described in detail in Table 5-1 (telecommunications without operational 
TDRS3) and Table 5-2 (telecommunications using TDRSS). 

5.2.3 FUNCTIONS OF LANDSAT FLIGHT SEGMENT im-ERFACES 

Considering the Landsat D overall data flow without operational TDRSS as 
shown in Figure 5-1, the data management system (DMS) receives the TM and 
MSS instrument data through a transportable ground station (TGS) located 
at-GSFC and connected to the DMS. Telemetry from the spacecraft is also 
received through GSTDN stations located at Goldstone and in Alaska, where 
it is tape recorded and played back through a DOMSAT link to a ground 
terminal at GSFC. When TDRSS is operational, the overall Landsat D data 
flow, as shown in Figure 5-2, starts at the steerable spacecraft antenna, 
is relayed by one of the two TDRS's to be received at the TDRSS ground 
terminal at White Sands, N.M. , where it is processed and recorded for 
transmission through a DOMSAT link to a DOMSAT Earth station at GSFC, from 
where it is then routed to the DMS. 

The operations control center (OCC), as a major element of the Landsat 
system ground segment, receives telemetry and provides coinnands via S-band 
transmission to Landsat through TDRSS or GSTDN uplinks. 

If properly equipped, foreign users (ground stations not owned by NASA) 
could receive direct transmissions at X-band of TM and MSS data and at S- 
band MSS data similarly to that available from Landsat 3. 

5.2.4 PHASE DOWN OF GSTDN 

The NASA ground spaceflight tracking and data network, which has provided 
the telecommunications services for Landsat 1, 2, and 3, will be gradually 
phased down following the completion of integration of TDRSS into STDN. 
This integration has already begun with compatibility testing, and further 
tests to be performed on TDRS-A. TDRSS service availability will be 
achieved in two steps: (1) single-satellite system - 3 months after TDRS-A 
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launch, providing partial coverage, and (2) two-satellite system - 3 
months after TDRS-B launch that is, October 1983 based on current launch 
schedules . 

GSTDN will provide ground segment telecommunications support for Landsat D 
until TDRSS becomes available. The Landsat D support provides telecom- 
munications coverage to meet the mission design, including all available 
contacts of the three prime ground stations (BLT, GDS, and ULA) . Support 
for TLM, CMD, TRK, and MSS imaging operations will be provided. GSTDN 
coverage requirements for Landsat are expected to be linked to operations 
necessary for checkout, orbit adjustment, and any required station keeping 
functions prior to the start of full TDRSS operational support. Additional 
TLM, CMD, and TRK support from other GSTDN stations will be requested to 
supplement the coverage of prime stations with a maximum of 17 contacts of 
15 minutes each expected per day. BLT does not currently perform MSS 
imaging operations. Image data will be received by the project-operated 
Transportable Ground Station (TGS) which is located near the GSFC Building 
28. 


The current STDM station closure plan indicates that the STDN ground 
stations which_-S,upport._Landsat_D_ and_D.'_ wi Tl-be-closed-in -accordance with- 
the following schedule. 

STDN GROUND STATION CLOSURES 


STATION 

DATE 

FAIRBANKS (ULA) 

10- '84 

GOLDSTONE (GDS) 

02-'85 

GREENBELT (BLT) 

10- '88 


The effects on the STDN phase down on the Landsat D mission could include: 

• Increasing total dependence on TDRSS telecommunication services, 
without communications backup. 

• Uplink command and ranging data no longer available, except via 
TDRSS. 

• Substitution of a relatively operationally unproven space relay 
telecommunications system for the operationally proven GSTDN. 

0 Landsat D and D' have been equipped to interface with GSTDN, which 
will become useless when GSDTN is phased down. 
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0 


NASA may be able to offset TDRSS operational cost by the cost 
avoidance resulting from the GSTDN phase down. 

0 Centralization of data management, spacecraft command and data 
product distribution. 

5.3 IDENTIFICATION OF TELECOMMUNICATION ALTERNATIVES FOR LANDSAT 
MISSION LfTILIZATION 


In section 5.2.1, the systematic zone and been the "TDRS is busy" zone of 
exclusion have identified as the periods during which TDRSS services are 
not available to Landsat. The next three subsections of this report 
discuss alternatives, or work arounds to temporary interruptions of the 
TDRSS real-time data satellite to ground communications. The alternatives 
which are discussed are consistent with the assumptions and ground rules 
identified in section 5.2. 

5.3.1 THIRD TDRS IN ORBIT 

Placing a third or spare TDRS in orbit will increase the number of single 
access (KSA) links from 4 to 6 (50% increase). This alternative could 
reduce the "TDRS is busy" zone, as illustrated by comparing Figure 5-4 and 
Figure 5-5, which Landsat will experience when TDRS-E is busy servicing 
higher priority users. Figure 5-4 shows the ZOE where TDRS-E is not 
available while Figure 5-5 illustrates that an up to 50% reduction in 
"TDRS-E is busy" zone can be provided by a third TDRSS, assumed, for the 
example shown, to be located at 106°W, midway between TDRS-E and TDRS-W. 
Similarly, the ZOE (Figure 5-6) where "TDRS-W is busy" can be reduced to 
the ZOE shown in Figure 5-7. Thus "TDRS is busy" zone might be reduced up 
to 50%, but a third TDRS will not eliminate it or have any affect on the 
systematic ZOE. This alternative will be very expensive and decrease the 
TDRSS throughput efficiency, unless the satellite system is overloaded in 
the first place. 

5.3.2 USE OF ON-BOARD WIDEBAND TAPE RECORDERS 

Previous Landsats have been equipped with wide-band tape recorders which 
permitted MMS imaging data storage independent of real-time telecommuni- 
cations availability. With the increased imaging capability of the 
Thematic Mapper (TM) which produces imaging data at approximately 85 Mbps, 
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bit and 
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Figure 5-5. ZOE If Three TDRS's Are In Orbit & TDRS-E Is Busy Serving Higher Priority Users 
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Figure 5-6. ZOE if Two TDRS's are in Orbit and TDRS-W is Busy Serving Higher Priority Users 






igher Priority Users 






currently available space-qualified tape machines could neither record at 
these rates nor have sufficient storage capacity. 

An onboard wideband tape recorder can eliminate the systematic ZOE of the 
two-satellite TDRSS and a telecommunications priority imposed ZOE. This 
advantage of the on board tape recorder telecommunication alternative can 
be achieved only by considering the following baseline requirements which 
must be met. 

• Store MSS and TM data for delayed transmission to ground. 

(MSS - 1.3x 10^ bits/image; TM - 1.84x10^ bits/image). 

• Recording speed must be comparable with data rates to be trans- 
mitted (MSS - 15 Mbps; TM - 85 Mbps) . 

0 Recording (onboard storage) capacity must be sufficient to hold 
data that cannot be transmitted in real time (10^^ to 10^^ bits). 

Other parameters which must be considered for a mass storage system for 
space applications are reliability, weight, volume, speed range, bit error 
rate and of course, cost. Currently no space qualified wideband tape 
recorders are available for near-term use (Landsat application). How- 
ever, NASA's Office of Tracking and Data Systems currently supports the 
developemnt of (1) advanced technology (i.e., tapes, heads, tape guides, 
coding, etc.), (2) a 20 Mbps tape recorder, and (3) a 150 Mbps tape 
recorder. The characteristics of these tape recorders are summarized in 
Table 5-3. During the last weeks the procurement phase of the 20 Mbps tape 
recorder development has been completed with the award of a design and 
development contract leading to a qualification test by the end of FY'84 
and life cycle tests complete in the third quarter of FY'85. Based on this 
schedule, flight units would be available by late FY'86. 

The 150 Mbps system development has been started with the initiation of the 
procurement. Recently FY'83 funding has been delayed apparently as a 
result of lacking TDRSS user interest in this technology. The plan for 
this development had targeted the second quarter of FY'86 for 
qualification tests, followed by the completion of life cycles test one 
year later (FY'87) and flight hardware availability by the middle of FY'88. 
This schedule and particularly funding delays have moved the possible 
availability of wi de-band tape recorders way beyond the anticipated 
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Table 5-3. Onboard Wideband Tape Recorder Baseline Characteristics 
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Landsat D' launch date. However, there is a possibility that this 
equipment might be available for a mission beyond Landsat D' . 

In summary, in spite of the advantageous capabilities of on board wide-band 
tape recorders which provide for the elimination of both the (TDRSS) 
systematic and teleconmuni cations priority imposed zones of exclusion, the 
disadvantages of availability, large recurring cost, and risk do not give 
much hope for this alternative for Landsat telecommunications. 

5.3.3 UTILIZATION OF GSTDN 

In Sections 5.1.1 and 5.1.2 it was shown that Landsat D is equipped to 
communicate directly with the Earth independently of TDRSS. Therefore, 
even when TDRSS is fully operational, the "Non TDRSS" elements of Landsat 
D's telecommunications on board system are providing inherent downlink 
capabilities. Accepting that the "Non TDRSS" space segment of the Landsat 
D telecommunication system is available the ground segment capable of 
receiving Landsat D telecommunications is listed in the following table: 



BLT 

GDS 

MAD 

ORR - ULA-— TGS 

FOREIGN -- 

S-BAND CMD 

X 

X 

- 

X 

X 

S-BAND TLM 

X 

X 

- 

X X 

X 

S-BAND TRK 

X 

X 

- 

X 

X 

S-BAND TLM 
IMAGE 

X 

X 


X 

X 

KU-BAND TLM 
IMAGE 




X 


X-BAND TLM 
IMAGE 

- 

- 

- 

X 

- 

The above information 

shows 

that at 

this time (GSTDN 

is still fully opera 


tional) and there is no single ground station equipped to receive all data 
in one location to support the Landsat D mission at the same level as 
TDRSS. However, the total "Non TDRSS" capabilities can be satisfactory as 
an alternative for TDRSS as will be discussed next. 
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From the above table the GSTDN stations Greenbelt (BIT), Goldstone (GDS), 
Fairbanks (ULA) and many foreign (non-NASA) facilities are capable of 
receiving MSS and TLM data from Landsat 3. Since the MSS system of Landsat 
D is identical to that of "3", the previously listed GSTDN stations can 
handle Landsat D MSS image data also. 

The TM image data can be transmitted in the "Non TDRSS" configuration over 
X-band directly to the ground. Currently NASA-GSFC operates a trans- 
portable ground station (TGS) which is capable of receiving the TM image 
data. The required X-band receiving technology is commercially available, 
permitting existing GSTDN and foreign ground stations to be equipped for 
the reception of TM data without TDRSS services. 

A subset of the above described "Non-TDRSS" Landsat D telecommunication 
alternative is discussed next. As mentioned earlier, ground station tech- 
nology to receive S-band TLM data is available at many STDN terminals. 
This S-band link (2265.5 Mhz) has sufficient bandwidth for the trans- 
mission of digital MSS TLM data at 15.0626 Mbps. This indicates that this 
S-band link has a bandwidth in excess of 15 MHz. 

The TM datX^iir&eing 't'ran^^^ ”84.903 ~Mb'p s i Hb~we^”r7 thi s' data (TM) 
is being sensed as a video (analog) signal, which is sampled at a rate 
slightly higher than the Nyquist rate then the sampled video is quantized 
to 8 bits and serialized into the 84.903 Mbps digital representation. 
Reversing this process indicates that the equivalent (analog) bandwidth of 
the TM data appears to be in the order of 5.0 MHz. This suggests that it 
might be possible to transmit TM analog data in S-band over the RF link 
which is used for MSS TLM data. In addition data apparently could be 
stored in orbit on existing analog tape recorders. 

These alternatives provide the following advantages: 

• Low cost and utilization of existing technology 

• Minor modification of the Landsat D system (to be verified by 
detai led analysis) . 

• Minor modifications of STON and foreign ground stations to 
receive TM imagery with minimal effort. 
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• Expansion of the Landsat user community independent of TDRSS. 

« A ’Mck-up"'Spyrba^^^ for Lands'at D whe'n TDRSS is not available. 

• Earth coverage is a function of Earth station line of sight avail- 
ability. 

• Direct Landsat to ground station communications. 

• Lower transmitter power requirements. 

The "Non-TDRSS" alternative telecommunications approach is likely to have 
some disadvantages. 

• Possible deletion of NASA's control of access to TM and MSS image 
data. 

• Coverage is limited by the visibility cone and antenna tracking 
requirement. 

• Reactivation of GSTDN. 

• Lower signal quality for fixed power at the receiver. 

• Lowered bit error rate. 

• Duplication of facilities and operational expenses. 

• Does not permit utilization of bandwidth compression techniques. 

• Lessened utilization of advanced digital technology. 

t No influence on X-band foreign station upgrade. 

In summary, the possible utilization of the TM and MSS video signals 
appears to have merit as a viable teleconmunications alternative to TDRSS 
for Landsat D-type missions. It is, however, recommended that this alter- 
native be subjected to an in-depth engineering analysis to validate feasi- 
bility, and to verify the impact of the approach. 
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GLOSSARY 


ADDS Applications Development Data System 

Bi0 Bi -phase 

BLT Greenbelt (STDN Station) 

C&T Communications and Tracking 

CMD Command 

CTV Compatabi li ty Test Van 

DMS Data Management System 

DOMSAT Domestic Communications Satellite 

DSN Deep Space Network 

EDC EROS Data Center, Sioux Falls, SD 

FM Frequency Modulation 

GDS Goldstone, CA (STDN Station) 

GSFC Goddard Space Flight Center, Greenbelt, MD 

IRIG Interrange Instrumentation Group 

JSC Johnson Space Center, Houston, TX 

Ku-band 10.90 to 17.15 GHz 

KSA K-band Single Access 

LAS Landsat D Assessment System 

MA Multiple Access 

MPT Mission Planning Terminal 

MSS Multispectral Scanner 

NASCOM NASA Communication Network 

NBTR Narrow-Band Tape Recorder 

NRZ-L Nonreturn to Zero-Level 
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NRZ-M 

NTTF 

OCC 

OPS 

OSCF 

PCD 

PCM 

PN 

POCC 

RF 

REC 

SA 

SIRD 

SOC 

-SQPSK 

SSA 

TDRSS 

TLM 

TM 

TWTA 

TWX 

TX 

UQPSK 

ULA 

VF 


Nonreturn to Zero-Mark 
Network Test and Training Facility 
Operations Control Center 
Operati ons 

Operations Support Computing Facility 
Payload Corrective Data 
Pulse Code Modulation 
Pseudo Noise 

Project (or Payload) Operations Control Center 
Radio Frequency 
Receive 
Single Access 

Support Instrumentation Requirements Document 
Simulations Operations Center 
Staggered Quadrature Phase-Shift Keyed 
S-band Single Access 

Tracking and Data Relay Satellite System 

Tel emetry 

Thematic Mapper 

Travel ing-wave Tube Amplifier 

Tel etype 

Transmit 

Unbalanced Quadrature Phase-Shift Keyed 
Fairbanks, Alaska (STDN Station) 

Valley Forge 
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WRS 


Worldwide Reference System 


X-band 

ZOE 


8000 to 10,999 MHz 
Zone of Exclusion 
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APPENDIX A. 

ANALYSIS FOR CIRCULAR ORBIT CALCULATIONS 



APPENDIX A 

ANALYSIS FOR CIRCULAR ORBIT CALCULATIONS 


Assume a rotating unit vector in an x-y plane. 



t = time in minutes 

We now require that the plane of this rotating Vector be inclined by 
the angle i to a stationary geocentric x-y reference plane. 
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Using the rotational matrix, we have 



which gives 

(2) R 2 = cos at i + cos i sin at j + sin i sin at k 


We now account for the Earth's rotation by describing R 2 in terms of 
the rotating geocentric axis. Again, using the rotational matrix 



sin cut 
cos cut 
0 



This gives 

(3) R = xi+yj+zk 
where 

(3a) X = cos cut cos at + sin cut cos i sin at 
(3b) y = -sin cut cos at + cos cut cos i sin at 
(3c) z = sin i sin at 
and 

cu = angular velocity of rotating geocentric reference frame 
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It is now necessary to describe the rotational unit vector in terms 
of polar coordinates (latitude, longitude) 


t 



The latitude, , is obtained using equation 3c. 

R sin (f) - t = sin i sin -at 

(4) ({) = arc sin (sin i sin at) 

The longitude, e, is obtained using equations 3a and 3b, 

0 = arc tan (^/x) 

(5) 0 = arc tan ( -sin ojt cos at + cos cot cos i sin at ) 

cos ut cos at + sin wt cos i sin at 
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APPENDIX C. 

FORTRAN LISTING OF CIRCULAR ORBIT PROGRAM 
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